1. Introduction {#s1}
===============

In industrialized countries, mitral regurgitation (MR) is the second most frequently identified valvular heart disease overall and the leading valvular heart disease in elderly patients over the age of 65 years.[@b1],[@b2] Severe valvular disease has been reported to be associated with heart failure, arrhythmia and death.[@b3] As medication therapy is often ineffective for the treatment of advanced MR, surgery is recommended within the 2014 AHA/ACC guidelines for the management of patients with valvular heart disease.[@b4] However, older adults are often deemed to be a high-risk group for surgery, especially in the presence of comorbidities and frailty.[@b5] Few reports are available regarding the associations between clinical and echocardiographic features and treatment decisions for elderly MR patients in China. Furthermore, the applicability of the ACC/AHA guidelines has not yet been studied. In the present study, we aimed to assess the clinical features and treatment options for elderly MR inpatients in a single cardiovascular center in China and identify factors associated with treatment decisions.

2. Methods {#s2}
==========

2.1. Study population {#s2a}
---------------------

This was a retrospective single-centre study conducted at Fuwai Hospital, National Centre for Cardiovascular Disease, the well-known cardiovascular centre in China. Patients hospitalized in Fuwai hospital from May 1^st^ of 2014 to April 30 of 2015 with moderate to severe MR assessed by transthoracic echocardiography were enrolled consecutively (*n* = 1741). Patients ≥ 60 years old were grouped as elderly group (*n* = 680) and patients \< 60 years old were grouped as control group (*n* = 1061).

To analyse factors that may influence decisions regarding the treatment of elderly MR patients, we categorized the elderly group into the following two subgroups based on surgical status: the medication group (*n* = 372) and the surgery group (*n* = 308).

2.2. Statistical analysis {#s2b}
-------------------------

Quantitative variables are expressed as the mean ± SD. Comorbidities were analysed individually and in combination using the EuroSCORE-II system. Univariable comparisons were performed using the unpaired Student *t*-test for quantitative variables and the chi-square test for qualitative variables. All data analyses were performed using commercially available statistical analysis software packages (StatView version 4.1, Abacus Concepts, Inc., Berkeley, CA, USA or SPSS version 9.0, SPSS Inc., Chicago, IL, USA). Variables with *P* \< 0.05 were entered in a multivariable logistic model and were selected using a backward procedure with a threshold of *P* \< 0.05.

3. Results {#s3}
==========

3.1. Clinical characteristics {#s3a}
-----------------------------

The baseline character of elderly MR patients was list in [Table 1](#jgc-15-06-428-t01){ref-type="table"}. The mean age of the 680 elderly patients was 66.98 ± 5.94 years. Of these patients, 159 (23.38%) were aged 70--80 years, and 30 (4.41%) were \> 80 years. Male patients accounted for 58.99% in the elderly group. In total, 275 (40.44%) elderly MR patients were graded as severe regurgitation by echocardiography. Among the elderly MR, degenerative aetiologies were most commonly identified (41.18%), followed by rheumatic aetiologies and ischaemic aetiologies. 45.29% elderly patients were denied surgery, and surgery denial rate increased with age ([Figure 1](#jgc-15-06-428-g001){ref-type="fig"}). Comparisons between different age groups were showed in [Table 2](#jgc-15-06-428-t02){ref-type="table"}.

###### Baseline characteristics and echocardiographic parameters of elderly group and control group.

  Items                                           The elderly (*n* = 680)   Control (*n* = 1061)     *P*
  ---------------------------------------------- ------------------------- ---------------------- ----------
  Age, yrs                                             66.98 ± 5.94            46.04 ± 10.05       \< 0.001
  Male                                                 397 (58.38%)             630 (59.38%)        0.680
  Hypertension                                         309 (45.44%)             267 (25.16%)       \< 0.001
  Diabetes                                             133 (19.56%)              90 (8.48%)        \< 0.001
  Hyperlipidemia                                       240 (35.29%)             207 (19.51%)       \< 0.001
  Smoking                                              176 (25.88%)             304 (28.65%)        0.178
  Coronary heart disease                               227 (33.38%)             171 (16.12)        \< 0.001
  NYHA                                                                                              0.155
   I                                                    52 (7.65%)               96 (0.05%)       
   II                                                  184 (27.06%)             330 (31.10%)      
   III                                                 359 (52.79%)             512 (48.26%)      
   IV                                                   85 (12.50%)             123 (11.59%)      
  Euroscore-II index                                    5.54 ± 2.42             3.15 ± 1.66        \< 0.001
  Euroscore-II risk                                                                                \< 0.001
   Low                                                  26 (3.82%)              421 (39.68%)      
   Moderate                                            375 (55.15%)             552 (52.02%)      
   High                                                279 (41.03%)              88 (8.29%)       
  LVEF                                                55.31% ± 14.48%         57.61% ± 15.03%       0.002
  LVEF stratification                                                                              \< 0.001
   \> 60%                                              287 (42.21%)             560 (52.78%)       \< 0.001
   30%--60%                                            335 (49.26%)             402 (37.89%)      
   \< 30%                                               58 (8.53%)               99 (9.33%)       
  Left atrium diameter, mm                             47.38 ± 10.44           48.22 ± 11.13        0.109
  Left ventricular end-diastolic dimension, mm         57.33 ± 10.19           57.72 ± 12.37       \< 0.001
  Mitral calcification                                 144 (21.18%)             197 (18.57%)        0.181
  Multiple valve disease                               242 (35.59%)             433 (40.81%)      
  MR grade                                                                                          0.091
   Severe                                              275 (40.44%)             484 (45.62%)      
   Moderate                                            405 (59.56%)             577 (54.38%)      
  MR etiology                                                                                      \< 0.001
   \*Primary                                                                                      
    Degenerative                                       280 (41.18%)             358 (33.74%)       \< 0.001
    Rheumatic                                          138 (20.29%)             217 (20.45%)       \< 0.001
    Congenital                                          23 (3.38%)              112 (10.56%)      
    Inflammatory                                        11 (1.62%)               48 (4.52%)       
   ^\#^Secondary                                                                                  
    Ischemic                                           124 (18.24%)              92 (8.67%)       
    Cardiomyopathy                                      92 (13.53%)             205 (19.32%)      
   Other or unknown                                     12 (1.76%)               29 (2.73%)       
  Treatment option                                                                                 \< 0.001
   Medicine                                            308 (45.29%)             383 (36.10%)       \< 0.001
   Valve surgery                                       372 (54.71%)             678 (63.91%)       \< 0.001
   Surgery approaches                                                                               0.293
    Valve repair                                       139 (37.37%)             286 (42.18%)      
    Valve replacement                                  233 (62.63%)             392 (57.82%)      
    Prosthetic valve                                                                               \< 0.001
     Bioprosthetic                                     126 (54.08%)             74 (18.88%)       
     Mechanical                                        107 (45.92%)             318 (81.12%)      
  Death during hospitalization                           6 (0.88%)               4 (0.38%)          0.173

Data presented as mean ± SD or *n* (%). \*In primary MR, the pathology of ≥ 1 of the components of the valve (leaflets, chordae tendineae, papillary muscles, annulus) causes valve incompetence with systolic regurgitation; ^\#^In secondary MR, the mitral valve is usually normal. The abnormal and dilated left ventricle caused by cardiovascular disease or related MI (ischemic MR) leads to papillary muscle displacement, which in turn results in leaflet tethering with associated annular dilation. LVEF: left ventricular ejection fraction; MI: myocardial infarction; MR: mitral regurgitation.
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###### Clinical characteristics and surgery status of older patients.

                            70--80 yrs, *n* = 159   \> 80 yrs, *n* = 30     *P*
  ------------------------ ----------------------- --------------------- ----------
  Mean age, yrs                 73.41 ± 2.58           83.27 ± 2.83       \< 0.001
  Male                           97 (61.00%)            20 (66.67%)        0.213
  MR grade                                                                 0.313
   Severe                        34 (21.38%)            4 (13.33%)       
   Moderate                     125 (78.62%)            26 (86.67%)      
  MR etiology                                                            
   Degenerative                  66 (41.51%)            15 (50.00%)        0.389
  Coronary heart disease         65 (40.88%)            8 (26.67%)         0.142
  Euroscore-II index             7.10 ± 2.51            9.10 ± 2.66       \< 0.001
  LVEF                         54.40% ± 15.26%        49.21% ± 15.49%       0.09
  Treatment option                                                         0.003
   Medicine                      99 (62.26%)            27 (90.00%)      
   Valve surgery                 60 (37.74%)            3 (10.00%)       
   Surgery approaches                                                      0.967
    Valve repair                 20 (33.33%)            1 (33.33%)       
    Valve replacement            40 (66.67%)            2 (66.67%)       

Data presented as mean ± SD or *n* (%). LVEF: left ventricular ejection fraction; MR: mitral regurgitation.

3.2. Clinical characteristics and treatment decision comparisons {#s3b}
----------------------------------------------------------------

The two groups differed significantly by aetiology ([Table 3](#jgc-15-06-428-t03){ref-type="table"}). Degenerative mitral regurgitation (DMR) was most commonly observed in both the elderly group and control group, but DMR accounted for a greater percentage of cases in the elderly group (41.18% *vs*. 33.74%, *P* \< 0.001). No significant between-group differences were identified in MR grade or NYHA class.

###### Characteristics and treatment of MR patients with primary indications for cardiac revascularization in both groups.

                            The elderly (*n* = 227)   Control (*n* = 171)     *P*
  ------------------------ ------------------------- --------------------- ----------
  Mean age, yrs                  67.53 ± 5.48            50.36 ± 8.65       \< 0.001
  Male                           150 (66.08%)            123 (71.93%)        0.213
  Coronary angiography                                                      \< 0.001
   Single vessel disease          63 (9.26%)              61 (5.75%)       
   Double vessel disease          44 (6.47%)              44 (4.15%)       
   Three vessel disease          120 (17.65%)             66 (6.22%)       
  Treatment option                                                           0.283
   No surgery treatment           93 (40.97%)             61 (35.67%)      
   Surgery treatment             134 (59.03%)            110 (64.33%)      
    CABG alone                    27 (20.15%)             26 (23.64%)        0.336
    MV alone                      10 (7.46%)               9 (8.18%)         0.691
    MV + CABG                     97 (72.39%)             75 (68.18%)        0.822

Data presented as mean ± SD or *n* (%). CABG: coronary artery bypass grafting; MR: mitral regurgitation; MV: mitral valve.

Atherosclerotic risk factors such as hypertension, diabetes or hyperlipidaemia were more commonly observed in the elderly group than control group (45.44% *vs*. 25.17%, *P* \< 0.001; 19.56% *vs*. 8.48%, *P* \< 0.001; 35.29% *vs*. 19.51%, *P* \< 0.001). The mean EuroSCORE-II index was much higher than that observed in control group members (5.54 ± 2.42 *vs*. 3.15 ± 1.66, *P* \< 0.001). Remarkably, more patients were assessed as being high risk based on the EuroSCORE risk stratification in the elderly group than the control group (41.3% *vs*. 8.29%, *P* \< 0.001). An impaired left ventricular ejection fraction (LVEF) was identified in 57.79% of the elderly patients, which was a much higher prevalence than that identified in the control group (47.22%, *P* \< 0.001). Mean left ventricular end diastolic diameter (LVEDD) was greater in the elderly group than the control group (57.33 ± 10.19 *vs*. 57.72 ± 12.37 mm, *P* \< 0.001).

Of the 680 elderly MR patients included in this study, 308 were denied surgery (45.29%), which was much higher than the rate of denial observed in the control group (45.29% *vs*. 36.10%, *P* \< 0.001). No difference was observed in operative methods (repair or replacement, *P* = 0.293). Among patients who underwent valve replacement, bioprosthetic valves were more often used than mechanical valves in the elderly group than in the control group (53.88% *vs*. 18.67%, *P* \< 0.001). No significant between-group difference was identified in the rate of in-hospital mortality.

Two hundred and twenty seven patients in elderly group and 171 patients in the control group had primary indications for cardiac revascularization and their coronary angiography results differed from those of control group (*P* \< 0.001). Of these 227 elderly MR patients, 134 (59.03%) underwent surgery, in which 27 (20.15%) had coronary artery bypass grafting (CABG) alone, 10 (7.46%) had mitral valve (MV) surgery alone and 97 (72.39%) had concomitant surgical revascularization with MV surgery ([Table 3](#jgc-15-06-428-t03){ref-type="table"}).

3.3. Factors associated with treatment decisions in elderly MR patients {#s3c}
-----------------------------------------------------------------------

Clinical features of medication subgroup and surgery group were compared in univariate analysis and the results were presented in [Table 4](#jgc-15-06-428-t04){ref-type="table"}. In the multivariate analysis, the characteristics associated with increased probability of undergoing surgery among elderly MR patients were severe regurgitation and normal LVEF. The factors associated with decreased probability of undergoing surgery were increased age, diabetes and EuroSCORE-II high risk stratification ([Table 5](#jgc-15-06-428-t05){ref-type="table"}).

###### Baseline clinical characteristics and echocardiographic parameters of valve surgery sub-group and medicine sub-group of elderly patients.

  Items                                           Valve surgery (*n* = 372%)   Medicine (*n* = 308%)     *P*
  ---------------------------------------------- ---------------------------- ----------------------- ----------
  Age, yrs                                               65.33 ± 4.54              68.97 ± 6.78        \< 0.001
  Male                                                   217 (58.33%)              180 (58.44%)         0.977
  BMI                                                    23.57 ± 3.43              23.33 ± 3.68         0.367
  Hospital stay                                          16.62 ± 8.72              10.64 ± 8.84         0.338
  Hypertension                                           138 (37.10%)              171 (55.52%)        \< 0.001
  Diabetes                                               47 (12.63%)                86 (27.92%)        \< 0.001
  Hyperlipidemia                                         91 (24.46%)               149 (48.38%)        \< 0.001
  Coronary heart disease                                 107 (28.76%)              120 (38.96%)        \< 0.001
  Recent MI                                               4 (1.08%)                 28 (9.09%)         \< 0.001
  Heart surgery history                                   5 (1.34%)                 18 (5.84%)          0.001
  NYHA                                                                                                   0.01
   I                                                      15 (4.03%)                37 (12.01%)       
   II-IV                                                 357 (95.97%)              271 (87.99%)       
  Euroscore-II index                                     5.04 ± 1.73                6.14 ± 2.95        \< 0.001
  Euroscore-II risk                                                                                    \< 0.001
   Low or moderate                                       254 (68.28%)              147 (47.73%)       
   High                                                  118 (31.72%)              161 (52.27%)       
  LVEF                                                   61.54 ± 9.19              47.78 ± 16.06       \< 0.001
  LVEF stratification                                                                                  \< 0.001
   \> 60%                                                213 (57.26%)               74 (24.03%)       
   30%--60%                                              158 (42.47%)              177 (57.47%)       
   \< 30%                                                 1 (0.27%)                 57 (18.51%)       
  MR grade                                                                                             \< 0.001
   Severe                                                200 (53.76%)               75 (24.35%)       
   Moderate                                              172 (46.24%)              233 (75.65%)       
  Left atrium diameter, mm                              49.38 ± 11.02              44.98 ± 9.16         0.001
  Left ventricular end diastolic dimension, mm           55.77 ± 8.81              59.21 ± 11.37       \< 0.001
  Mitral calcification                                   112 (30.11%)               32 (10.39%)        \< 0.001
  Mitral prolapse                                        176 (47.31%)               25 (8.12%)         \< 0.001
  Pulmonary hypertension                                 102 (27.42%)               85 (27.60%)         0.959
  Multiple valve disease                                 253 (68.01%)              185 (60.06%)         0.031
  MR etiology                                                                                          \< 0.001
   Primary                                               323 (86.83%)              129 (41.88%)       
   Secondary                                             49 (12.17%)               179 (58.12%)       
  Death during hospitalization                            2 (0.54%)                  4 (1.30%)          0.291

Data presented as mean ± SD or *n* (%). BMI: body mass index; LVEF: left ventricular ejection fraction; MI: myocardial infarction; MR: mitral regurgitation.

###### Factors associated with the treatment option of surgery (multivariable analysis).

  Items                                   B      S.E.     Wald     df     *P*        OR     95%CI lower   95%CI upper
  ----------------------------------- --------- ------- --------- ---- ---------- -------- ------------- -------------
  Severe regurgitation                  4.128    1.239   11.098    1     0.001     62.067      5.471        704.185
  Normal LVEF                           0.086    0.008   119.020   1    \< 0.001   1.089       1.073         1.106
  Age increase (per 1year increase)    --0.130   0.018   52.719    1    \< 0.001   0.879       0.848         0.910
  Diabetes                             --0.883   0.440    4.029    1     0.045      .414       0.175         0.979
  EuroScore-II high risk               --3.169   .720    19.349    1    \< 0.001    .042       .010          .173

LVEF: left ventricular ejection fraction.

4. Discussion {#s4}
=============

Valvular heart disease is a common disease that may greatly influence quality of life and survival in elderly patients. MR has been identified as the most frequently diagnosed valvular heart disease in elderly people in industrialized countries.[@b2] In this study, we found that elderly MR patients accounted for a high proportion (39.06%) of all MR patients included, with patients aged over 80 years constituting 4.41%.

In this study, we observed that even under the current guidelines, the rate of surgery in elderly MR patients was far from that which would be expected, as many factors may influence treatment decisions. In this single-centre study, the rate of surgical intervention of mitral valve was only 60.31% in the included 1741 MR patients overall, and even lower in the elderly group (54.71%). This finding was consistent with a previous study conducted in Western countries.[@b6] In addition to being of advanced age, the elderly patients included in this study also had a higher EuroSCORE grade, with higher comorbidity and coronary heart disease (CHD) prevalence rates and lower LVEF when compared with control group patients. Thus, in this study, we observed that elderly patients were at greater risk prior to treatment initiation, which may be the reason for the lower rate of surgery observed in this population. We identified factors influencing decisions regarding the treatment of elderly patients; these factors included age, regurgitation degree, LVEF, EuroSCORE-II risk stratification, and having diabetes and multiple valve diseases. These results are consistent with those identified in a previous study of MR,[@b6] and another study of aortic stenosis in the elderly, particular in terms of older age and impaired LVEF.[@b7]

Regurgitation degree was most strongly associated with the decision to operate. Although there has been controversy regarding the optimal timing of intervention in moderate MR patients, consensus suggests that valvular surgery should be advised in severe MR patients, as shown by the corresponding class I recommendation in the ACC/AHA guidelines.[@b4] In this study, we observed that severe MR patients were more likely to undergo surgery than moderate MR patients. Nevertheless, the rate of surgery in severe patients was not ideal. A previous study reported that approximately 50% of severe MR patients were denied surgery before the current guidelines were implemented.[@b6] Of the elderly severe MR patients (*n* = 275) included in this study, 75 (27.27%) did not undergo surgery. This finding was somewhat understandable, as the rate of long-term mortality has been found to increase with MR severity and was estimated to be 42% at 5 years\' follow-up in patients with severe regurgitation in a previous study.[@b8]

Another study showed that age was an important factor influencing treatment decisions in general MR patients. We would like to note that, in this study, age was an important influencing factor, even among elderly patients. As patients became older, their rate of surgery decreased ([Figure 1](#jgc-15-06-428-g001){ref-type="fig"}). Actually, only a moderate increase in the risk of surgery has been identified in patients \< 80 years old.[@b5] This finding highlights the importance of the diagnosis of MR in elderly patients before they become too old to undergo surgery. Based on the results of the OxVALVE Population Cohort Study,[@b9] the early diagnosis rate was far from that which would be expected, as in the overall elderly cohort with no history of VHD, 6.4% were diagnosed with moderate to severe VHD for the first time.

LVEF was associated with decisions regarding the treatment of elderly and severe MR patients ([Figure 2](#jgc-15-06-428-g002){ref-type="fig"}). Low LVEF has been identified as a predictive factor for spontaneous mortality,[@b10] post-operative mortality,[@b11] and post-operative LVEF[@b12] in MR. Despite the higher operative risk and less satisfying long-term results observed in impaired LVEF patients relative to those with normal LVEF, patients with moderately impaired left ventricular function may benefit from surgery since particularly poor outcomes have been observed in association with medication therapy in this patient population.[@b13] However, in this study, we observed that patients with moderately impaired LVEF had a rate of surgery that was less than 50%, which suggests the use of a more conservative treatment strategy in this group.
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EuroScore-II high risk, which indicates presence of various comorbidities, was in association with a decision not to operate. This decision may be understandable since having an increased EuroSCORE index had been found to have a negative impact on life expectancy,[@b14] and most comorbidities are also associated with increased operative risk.[@b15] The high prevalence of comorbidities may be one explanation for the high proportion of patients who were denied surgery in the present study.

The presence of diabetes was also a factor that influenced treatment decisions in the elderly group. The relationship between diabetes and MR is under heat debate. On the one hand, diabetes can exert a bad influence on recovery after surgery and study showed diabetes predicted MR progression after MV repair.[@b16] On the other hand, new study showed that MR is a common pathologic condition in patients with type 2 diabetes and is independently associated with an increased risk of both all-cause and cardiovascular mortality.[@b17]

While degeneration has been identified as the most common aetiology of valvular disease in developed countries,[@b1],[@b2] rheumatic disease has been consistently identified as the leading reason for valvular disease in developing countries over the past several decades.[@b2] However, in this study, degenerative mitral disease was the leading aetiology of MR in both elderly group and control group patients. In addition, degenerative MR was more frequently observed in the elderly group, with a prevalence rate of 41.18%. These results are in accordance with statistics derived based on a Chinese adult surgery database, which showed that the incidence of degenerative valve disease has increased dramatically since the 1990s and that rheumatism may no longer be the most common reason for valve disease.[@b18] To a large extent, this transition may have occurred due to vast improvements in the diagnosis, treatment and prevention of rheumatic diseases, which may also be increasing due to the increasing number of aged people in China.

Ischaemic MR was another type of MR frequently observed in this Chinese cohort. The abnormal and dilated left ventricle caused by CHD or related MI (ischemic MR) leads to papillary muscle displacement, which in turn results in leaflet tethering with associated annular dilation. Among elderly patients, the prevalence of ischaemic MR was especially high at 18.24%. In this study, the prevalence rates of coronary heart disease, myocardial infarction history and atherosclerotic risk factors were higher in the elderly group, and these results were likely related to the higher incidence of ischaemic MR observed in the elderly group. Coronary artery disease may be associated with increased operative risk, but its weight in the decision to operate could hardly be objectively assessed since the performance of coronary angiography is also closely linked to the decision to operate. In this study, most MR patients combined with CHD underwent MV surgery with concomitant surgical revascularization, which was consistent with the principle of ACC/AHA guidelines about ischaemic MR surgery recommendations.

In conclusion, many elderly patients with more advanced age, worse heart function and more comorbidities may not be able to undergo surgery in China. Novel technologies based on percutaneous intervention, such as Mitraclip,[@b19] are rapidly evolving and currently recommended for high risk patients on whom ordinary surgeries cannot be performed in western countries (IIB recommendation).[@b4] In China, such interventional technologies are not yet prevalent but may serve as a good option. As based on this study, the elderly MR patients who were considered high risk was high and is likely to continue increasing. On the other hand, early diagnosis of MR is highly important in elderly patients to improve prognosis. General transthoracic echocardiography screening regularly in elderly population could serve as a useful measure to improve early diagnosis rate, especially in rural area of China.

This study was meaningful in that it provided information regarding the diagnosis and treatment of elderly MR patients and to some extent remedied knowledge gaps in this field in China. However, the results of this study are not generalized to all of China. A prospective, multi-centre study should be conducted in the future to further explore survival and prognosis in elderly MR patients and provide a more precise view of treatment trends.
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